Traditional Chinese Medicines (TCMs) have been employed for centuries in the treatment of patients with hepatocellular carcinoma (HCC). Previous reviews of this topic have focused on certain aspects of TCM treatment rather than an overall assessment of their value and mechanisms of action. Both the Chinese and English medical literatures were reviewed to identify where TCM might be of value in the treatment of HCC and the justification for such treatment. TCM treatment corrects the "internal disequilibriums" thought to be responsible for the development, growth, and spread of the tumor. It has also been used to manage symptoms associated with HCC and the adverse effects of chemo-and radiation-therapies. Recent research has documented the precise effects of TCM on tumor biology. There are also increasing efforts to identify which of the many components of TCM herbal remedies are primarily responsible for these beneficial effects. This review outlines the benefits of TCM treatment of HCC and the laboratory data describing their anti-tumor properties.
INTRODUCTION
Traditional Chinese Medicine (TCM) is a comprehen sive medical system that utilizes herbal remedies, acupuncture, dietary therapy, exercise, and massage to prevent, treat, and rehabilitate disease states by restoring the internal environments of an individual to a state of equilibrium. It is based on traditional medical theories and the practice experiences of Chinese TCM physicians. The traditional medical theories describe two components of illness: "holism" (the concept of viewing the situation as a whole) and "syndrome dif ferentiation" (the consequences of disrupted holism). Thus, rather than focusing on the tumor per se, TCM focuses on correcting the internal disequilibriums res ponsible for tumor development and progression.
Given the phylogeny of the oncogenic hepatitis B virus (HBV), it can be assumed that hepatocellular carcinoma (HCC) has been prevalent in the Chinese population for centuries [1] . Hence, Chinese TCM phy sicians have had extensive experience in identifying, developing, and refining treatments for this poten tially lethal tumor. This longstanding experience and commitment to treating HCC is an important feature of TCM. Specifically, unlike "Western Medicine" where effective treatments are identified by the results of prospective, randomized, placebocontrolled trials, in TCM, the value of a particular herbal concoction is gau ged by the number of recommendations it has received by TCM authorities over the course of centuries.
MOST COMMONLY EMPLOYED TCMS FOR HCC
TCM physicians have identified various Chinese herbal medicines that represent every category of the Chinese materia medica recognized by the International Org anization for Standardization (ISO) [2] . The majority of these agents are deficiency-supplementing herbs, heatclearing herbs, and blood-quickening stasis-transforming herbs (Table 1) .
The ten most commonly employed individual he rbs are provided in Table 2 . They are: Poria (Fuling), Rhizoma Atractylodis Macrocephalae (Baizhu), Radix Astragali Mongolici (Huangqi), Herba Hedyotidis (Baihuasheshecao), Radix Glycyrrhizae (Gancao), Radix Bupleuri Chinensis (Chaihu), Radix Codonopsis (Dangshen), Radix Paeoniae Alba (Baishao), Radix Angelicae Sinensis (Danggui) and Carapax Trionycis (Biejia).
Often, combinations of herbs are advocated such as qiboosting spleensupplementing herbs being com bined with heatclearing toxinresolving herbs, blood quickening stasis-transforming herbs and/or liver-soothing qirectifying herbs (qi is the vital life force that is thought to animate the body internally) [3] . The ten most commonly advocated combinations of herbs are provided in Table 3 .
TCMS FOR THE TREATMENT OF HCC SYMPTOMS
Anorexia, fatigue, weakness, and right upper quadrant discomfort are the most common symptoms of HCC while ascites and jaundice are the most common signs [4] . TCMs are often used in the treatment of these and the other features listed in Table 4 . In a recent cluster analysis performed by Liu et al [4] , Endothelium Coreneum Gigeriae Galli (Jineijin) and Fructus Hordei Germinatus (Maiya) were the most commonlyused herbal medicines for treating anorexia; Radix Astragali Mongolici (Huangqi) for fatigue and weakness; Rhizoma Corydalis Yanhusuo (Yanhusuo) and Fructus Toosendan (Chuanlianzi) for right upper quadrant discomfort; Peri carpium Arecae (Dafupi), Polyporus (Zhuling) and Poria (Fuling) for ascites; and Herba Artemisiae Capillaris (Yinchen) for jaundice [5] . Other herbal medicines used to treat less common symptoms and signs of HCC are also provided in Table 4 .
TCM FOR IMPROVED QUALITY OF LIFE AND SURVIVAL IN HCC PATIENTS
The use of TCM to correct disequilibriums in a patient's internal environment has been associated with impro ved quality of life for HCC patients. For example, the Jianpi Jiedu Decoction has been reported to improve quality of life by attenuating symptoms in 30 patients with advanced HCC [6] . Similar results have been obtain ed with other combinations [710] . Other studies have described improved survival. Specifically, compared to untreated controls, treatment with a Ruanganlidan Decoction and Rhizoma Curcumae Longae increased median diseasefree survival by approximately 12 mo in 78 HCC patients [11] . In another study, Qudu Huayu Xiaoji Formula not only improved the quality of life in 77 HCC patients after hepatic ar terial chemoembolization, but also prolonged survival by 59 mo when compared to 76 patients treated with chemoembolization alone [12] .
TCM AND ADVERSE REACTIONS TO

CHEMOTHERAPEUTIC AGENTS
Side effects of chemotherapy are major concerns for cancer patients and often interfere with treatment. postembolization syndrome following TACE [22] . Finally, it should be noted that on occasion, TCM can adversely affect patient outcomes when TCM and chemotherapy drugs interact [23] .
TCM AND HCC TUMOR BIOLOGY
Recent developments in molecular and cell biology have provided important insights into the pathogenesis and course of HCC. They have also provided investigators with an opportunity to identify the mechanisms wh ereby TCM impacts HCC. To date, such research has focused on HCC proliferative activity, apoptosis, metas tasis, angiogenesis, immune reactivity, and multidrug resistance.
The effects of TCM on the proliferative activity and growth of malignant hepatocytes and tumors
A large number of herbs have been reported to inhibit malignant hepatocyte proliferation and tumor growth. In many instances, the precise mechanisms and signa ling pathways have also been identified. For example, Akebia trifoliate (Thunb.) and Koidz (Sanyemutong) seed extract inhibited the proliferation of various human HCC cell lines via induction of endoplasmic reticulum stress in vitro [24] whereas the ethyl acetate extraction from a Chinese herbal formula, Jiedu Xiaozheng Yin inhibited proliferative activity by suppression of the Numerous TCM herbs have been identified that reduce the side effects and nontumor toxicity of chemothe rapeutics. For example, Ciji Hua'ai Baosheng Granule Formula (CHBGF) attenuates the decreases in white blood cell and platelet counts of H22 hepatoma trans planted tumor caused by chemotherapy [13] . Combining Rhizoma Zingberis Recens (Shengjiang) and Rhizoma Phragmitis (Lugen) reduces the vomiting caused by chemotherapy in H22 hepatoma carcinomabearing mi ce [14] , and Danggui Beimu Kushen attenuates cisplatin toxicity (in the same animal model). Other TCMs such as Panaxan, Fufang Ejiao Jiang, Lianqi Capsule, and the aqueous extract of Fructus Akebiae (Bayuezha) have also been reported to reduce side effects and improve the efficacy of chemotherapy for HCC in H22 hepatoma bearing mice [1518] . Compared to chemoth erapy alone, Tremella Polysaccharide, extracted from Polyporus (Zhuling), improved quality of life and phy sical activity and attenuated fatigue, nausea, vomit ing, constipation, diarrhea, and white blood cell counts during chemotherapy in 50 patients [19] . Jianpi Jiedu Formula minimized hepatic dysfunction following trans arterial chemoembolization (TACE) treatment in 16 patients [20] . Similarly, the Zipi Decoction was associated with improved hepatic function following TACE when compared to TACE alone [21] . Jian Pi Li Qi Decoction in 52 patients and Jiedu Granules combined with Cinobufacini in 60 patients alleviated signs and symptoms of the polycomb gene product Bmi1 and Wnt/βcatenin signal ing and inducing G0/G1 phase arrest in vitro and in vivo [25, 26] . Coptischinensis (Huanglian) restrained HepG2 cell proliferation through activation of the the NAG1 gene enzyme in vitro [27] . Other TCM herbs have been reported to inhibit ma lignant hepatocyte proliferative activity and tumor gro wth through mechanisms that have yet to be identified. Of these, Bufalin, a component of Venenum Bufonis (Chansu), inhibited both proliferation and invasion of HCC cells in vitro [28] , and Chaiqiyigan granula enhanced Taxolinduced growth inhibition of HCC xenografts in nude mice [29] . Other herbal medicine extracts that have been reported to possess tumor growth inhibiting proper ties via yet to be defined mechanisms include Jianpi Huayu Formula, which inhibited BEL7402 cell prolifera tion in vitro [30] , Compound Recipe Kushen SMMC, which inhibited 7721 cell proliferation in vitro [31] , and Fuzheng Yiliu Granule, which inhibited PLC tumor growth in H22 hepatomabearing ICR mice and the HepG2 cell line [32] .
The effects of TCM on apoptosis and autophagy of malignant hepatocytes
Dysregulation of apoptosis and autophagy are impor tant components of tumor development, often resul ting from activation of oncogenes and/or mutations in tumor suppressor genes. Thus, much effort has been expended on identifying TCM herbs that induce mali gnant hepatocyte apoptosis. Kangai Fuzheng Prescription was found to promote apoptosis and inhibit the growth of human hepatoma SMMZ7721 cells by downregulating p53 gene expression in vitro [33] . TCM matrine, a component of Radix Sophorae Flavescentis (Kushen), induced apoptosis and cell arrest by altering Bcl2, Bax, and miR122a expression in human HepG2 cells and murine HCC cells [34, 35] . Quercetin, an extract from multiple herbal medicines, promoted apoptosis in the same HepG2 cells by increasing the transcription of the apoptosisrelated fas gene [36] . Ligustrumlucidum Aitfruit (Nüzhenzi) extract could induce apoptosis and cell senescence through upregulation of p21 in hu man HCC cell lines [37] . Finally, modified Yi Guan Jian, a Chinese herbal formula, induced apoptosis in Bel7402 cells [38] and Rhizoma Panacis Majoria (Zhuzishen) in H22 hepatoma cells [39] . In addition to inducing apoptosis, Baicalein, from Radix Scutellariae Baicalensis (Huangqin), enhanced autophagy via increasing endoplasmic reticulum stress in HCC cells [40] . Similarly, Arenobufagin (Chansu), a na tural bufadienolide from toad venom, induced apopt osis and autophagy in human HCC cells but through inhibition of the PI3K/Akt/mTOR pathway in human HCC cells [41] .
The effects of TCM on malignant hepatocyte metastases
Controlling HCC metastases is an important strategy for preventing tumor recurrence. Various TCM herbs have been reported to possess this property. Specifically, SiniSan inhibited HBxinduced migration and invasiveness of HCC cells by inhibiting multiple signal transduction pathways including ERK/phosphatidylinositol 3-kinase/ Akt upstream of NF-κB and AP1 in human HCC cells [42] while Biejiajian Pill suppressed the invasiveness of HepG2 cells by inhibiting the Wnt/βcatenin pathway in HCC cells [43] . Jinlong Capsule decreased the adhesi ve ability of highly metastatic MHCC97H cells in vitro and thereby significantly inhibited their movement and invasion [44] . In animal studies, Ginsenoside Rg3 from Ginseng (Renshen) inhibited the growth and metastasis of the highly metastatic human LCID20 cells in nude mice. This affect was ascribed to regulating the expression of nm23 and CD44 proteins [45] . By inhibiting SMMC7721 cell invasion, Radix Salviae Miltiorrhizae (Danshen) de creased intrahepatic and distant metastasis of these cells in nude mice [46] . Another TCM that inhibits malignant hepatocyte metastases is Berberine, which inhibited the growth and development of spontaneously developed lung metastases in an orthotopic model of HCC (MHCC 97L) in mice by suppressing Id1 expression [47] .
The effects of TCM on HCC angiogenesis
HCC survival, growth, and metastases are dependent on new blood vessel growth or angiogenesis ( Figure  1 ). TCM herbs that inhibit HCC angiogenesis include the alkaloids of Rubusalceifolius Poir (Cuyexuangouzi) and Livistonachinensis seeds (Pukuizi), which interfere with Notch signaling in a mouse model of HCC [48, 49] . Resveratrol [typically extracted from Rhizoma Polygoni Cuspidati (Huzhang) or Fructus Mori (Sangshen)] de creases microvessel density of transplanted hepatic tumors in nude mice and inhibits tumor growth [50] . By significantly reducing vascular endothelial growth factor expression, Celastrusorbiculatus Thunb (Nansheteng) inhibited HepG2 induced tumor growth in orthotopic nude mice [51] . Finally, Qinggan Huayu Formula has been reported to inhibit tumor development and growth by reducing vascular endothelial growth factor and transforming growth factorβ1 protein expression and neovascularization in HCC rats [52] .
The effects of TCM on the immunologic response to HCC
In the absence or setting of a suboptimal immune response, tumor cell growth, metastasis, and rates of recurrence are enhanced. Thus, the status of natural killer cells, T lymphocyte subpopulations such as CD3 + , CD4
+ and CD8 + , and pro-as well as anti-inflammatory cytokines are important, and the ability of TCM to enhance the immune response to HCC would be of therapeutic value. Ganodermalucidum polysaccharides (GLPS) is an extract from Ganoderma Lucidum (Lingzhi) that significantly increases the ratio of T effector to regulatory T cells and suppresses tumor growth in HCC bearing mice [53] . Moreover, GLPS eliminates regulatory T cells suppression of T effector proliferation resulting in increased proinflammatory IL2 secretion. GLPS has also been reported to inhibit T cell Notch1 and FoxP3 expression by increasing miR125b expression in hepatomabearing mice [53] . Another TCM with immu nomodulant properties is Radix Astragali Mongolici (Huangqi), a polysaccharide, which inhibits the growth of mouse HCC HepA by promoting proinflammato ry TNFα and IFNγ production [54] . Combining Jiedu Xiaozheng Yin and Fuzheng Yiliu Formula improved the immune function of mice with H22 HCC by increasing CD3 + and CD3 + /CD4 + [55] . Shaoyao Ruangan Recipe, Biejiajian Pill, Ginsenoside Rg3, Fructus Lycii (Gouqizi) polysaccharide, and Fructus Schisandrae Chinensis (Wuweizi) polysaccharides are other herbal medications that have been reported to inhibit HCC by enhancing the host's immune responsiveness in HCCbearing mice [5660] .
The effects of TCM on the multidrug resistance of malignant hepatocytes
Increased expression of multidrug resistance (MDR) protein activity, the family of transporters responsible for exporting xenobiotics from within cells, is considered the principal explanation for the failure of chemoth erapy in HCC treatment. Many TCM herbs have been reported to reverse MDR expression and/or activity. For example, Tetramethylpyrazine, a bioactive constit uent isolated from the root of Ligusticum chuanxiong Hort (Chuanxiong) downregulated Pgp, MRP2, MRP3, and MRP5 expression in HCC BEL-7402/ADM cells [61] . Bufalin, extracted from Venenum Bufonis (Chansu) and Hedyoticdiffusa (Baihuasheshecao) injection, achieved the same effect in BEL-7402/5-FU cells [6263] , and Hirudo (Shuizhi) extract, Qizhu Decoction, Shehuang Xiaoliu Decoction, Jianpi Huayu Formula and Quercetin all rever sed MDR activity in HCC tissues [6468] .
CONCLUSION
Although much progress has been made in our uti lization and understanding of TCMs for the treatment of HCC, additional experimentation and research is still required. Clearly, no single herbal medicine, active component, or compound recipe has been identified to be curative. Moreover, the mechanism(s) involved in achieving the benefits described are multiple and complex. Nonetheless, empiric and experimental data suggest that TCM is effective in limiting symptoms, reducing treatment associated side effects, inhibiting tumor growth, and altering key intracellular signaling pathways. While a combination of TCM and Western medicine may evolve as the optimal approach to treating HCC, certain challenges remain. Principal amongst these is the need for Western Medicine physicians to consider and where appropriate accept the concept of "holism" for cancer treatment. These physicians must also be willing to consider empiric findings, albeit of century's duration, as an additional measure of efficacy, particularly for compounds such as TCM herbs that due to their unique fragrance, do not always lend themselves to testing in placebocontrolled clinical trials. November 27, 2018|Volume 10|Issue 11|
